Ma te rial's strength is an im por tant fac tor for its prod ucts, how ever, some times geomet ri cal struc ture also plays an im por tant role in sta bil ity and se cu rity. For ex am ple, a steel truss in a bridge will greatly en hance its se cu rity and sta bil ity. Car bon nanotubes are also of Steiner struc ture, which greatly en hance its strength.
In tro duc tion
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Fab ric with Steiner tree struc ture is of ut ter sta bil ity [1] , and it can be a po ten tial can didate for ex po si tion-proof and bul let-proof ap pli ca tions if it can also ab sorb enough en ergy before it is de stroyed. Tear ing prop erty is, there fore, an im por tant fac tor for this pur pose.
Tear ing anal y sis of var i ous wo ven-fab rics has been stud ied widely, [2] [3] [4] . How ever, tear ing anal y sis of warp-knit ted fab rics with Steiner tree struc ture is rare, and our un der stand ing of the tear mech a nism is pre lim i nary. Fab ric with Steiner tree struc ture has sig nif i cant ad vantages in light weight and sta bil ity. How ever, the tear ing prop erty is a ma jor sci en tific and techno log i cal chal lenge in re al iz ing ex plo sion-proof and bul let-proof ap pli ca tions. A the o ret i cal model for the tear ing prop erty is much needed, this pa per gives a the o ret i cal anal y sis plus an exper i men tal ver i fi ca tion of tear ing prop er ties of such fabric.
Tex tiles with Steiner tree struc ture
Steiner tree struc ture appears ev ery where in our every day life, and the Steiner tree prob lem is a prob lem in com bi na torial op ti mi za tion. Fig ure 1 shows a kind of textiles with Steiner tree structure.
The struc ture cell of the Steiner tree is il lus trated in fig. 2 , where ÐAOB = ÐBOC = ÐCOA = 120° . Ac cord ing to the def i ni tion of Steiner min i mal tree, the to tal length of all edges in fig. 2 is min i mal com pared with any other struc tures, which means such tex tiles re quire min i mal ma te rial.
Tear ing anal y sis for tex tile with Steiner tree struc ture
The pa ram e ters of the sam ples are listed in tab. 1. The sin gle rip tear ing tests were car ried out us ing an Electronic Strength Test ing in strument YG065H un der the condi tion of con stant tem per a ture and hu mid ity, and 20 °C and 65%, re spec tively, with an uni form tear ing speed of 100 mm per min ute. Trou ser-shaped sam ples with di men sions of 200 × 50 mm in clude a lon gi tu di nal 100 mm long pre-crack as il lus trated in fig. 3 . The tear ing pro cess is illus trated in fig. 4 .
The sin gle rip tear ing pro cess of tex tiles with Steiner tree struc ture is sim i lar to that of wo ven fab rics [5] . The main dif fer ence is the break ing way of yarns. During the tear ing pro cess, for wo ven fab rics the transverse yarns in the Del rupture zone are bro ken one by one, while the break of textiles with Steiner tree structure hap pens within the struc ture cell, fig. 5 . The force-dis place ment curve is il lus trated in fig. 6 , while its ideal force-displace ment curve is given in fig. 7 . fig. 8(a) , is de stroyed un der the tear ing force, and it be comes a line, fig. 8(b) . We assume that dur ing the tear ing pro cess, there are to tally N lines in the Del zone, each yarn subjects to a non-lin ear force-dis place ment re lation ship: F aL bL
where a and b are con stants, F i is the force acting on the i th line and L i is dis place ment of the i th line. When the tear ing force ar rives at the point M1 in fig. 7 , the first line will be bro ken. The to tal force act ing on the del zone is: F aL bL
where F is a con stant force act ing on the sam ple. From eqs.
(1) and (2), the num ber N and the max i mal dis place ment of the bro ken line can be de ter mined, as a re sult the Del zone is con firmed geo met ri cally. Af ter the first line is bro ken, the stress on each un bro ken lines will re-dis trib uted and the Del zone moves down wards. The stress in the sec ond line in creases grad u ally from the point N 1 un til to its break point, M 2 , the pro cess con tin ues un til the whole sam ple is destroyed. 
